I revise the Australian-New Guinean ghost moth genus Elhamma. Two recent synonymies are assessed, and two new species from New Guinea, E. grehani sp. nov. and E. viettei sp. nov. are described. I provide an updated diagnosis for the genus and conclude that the presence of only 2 M-veins in the hind wing in both sexes (when females are known) and a strongly cup-shape juxta in the male genitalia are unique diagnostic characters among Hepialidae. I give a detailed description of the adult morphology based on male E. australasiae, and provide a key to all known species based on adult male characters.
Introduction
The genus Elhamma Walker (Figs 1-12) was originally erected to accommodate five species of Hepialidae from Australia and New Zealand, all of which were subsequently transferred to other genera, either by Walker himself in the same publication (Walker 1856) , or by Butler (1877) and Meyrick (1890) . Meyrick (1890) also recognised that E. inconcluso Walker was the male, and junior synonym, of Hepialus australasiae Walker as the two names represented male and female of the same species (although Meyrick listed the author of the latter as 'Donovan'), and placed the species in the new genus Perissectis, recognised by Tindale (1935) to be a synonym of Elhamma. Kirby (1892) upheld Elhamma as a good genus and designated E. inconcluso as the type species. Tindale (1935) provided the first detailed descriptions and illustrations of Elhamma as well as an overview of the past taxonomy and synonymy of the genus, and treated the genus as part of the Oxycanus Walker genera group in his revision of Australian Hepialidae. Nielsen (1996) in the Checklist of Australian Lepidoptera (Nielsen et al. 1996) synonymised the two New Guinea genera Zauxieus Viette and Theaxieus Viette with Elhamma, synonymies that were later upheld in a world catalogue on Exoporia (Nielsen et al. 2000) . Likely as a consequence of the catalogue format of these publications, no justification was given for the synonymies, and sadly E. S. Nielsen died before such justifications could be published. Zauxieus and Theaxieus were both described based on material in the National Dutch Museum of Natural History, Naturalis (RMNH): Zauxieus comprised only a single species, Z. toxopeusi; Theaxieus comprised the two superficially very similar species T. diakonoffi and T. roebkei (Viette 1952) .
During my ongoing systematic studies on Australian Hepialidae (T. J. Simonsen unpublished) it became clear that it would be desirable to justify these synonymies, especially as there has been a recent increase in studies of Australian Hepialidae (Edwards & Green 2011 , Moore & Edwards 2014 , Moore 2014 which is likely to continue in the future (T. J. Simonsen unpublished, M. D. Moore pers. comm.) . Here I re-examine all known Elhamma species, describe two new species, E. viettie sp. n. and E. grehani sp. n. from New Guinea, and provide a detailed account of the adult skeletal morphology of E. australasiae. The synonymies proposed by Nielsen (1996) are evaluated based on the results, and a key to all species is provided. The morphological account presented here is more detailed than previous systematic treatments of Hepialidae, except Nielsen & Kristensen's (1989) highly detailed account of the primitive genus Fraus. It is, however, in line with what will be presented in an upcoming revision of the so-called 'hepialine' hepialids in Australia. As Elhamma represents the other major lineage of Australo-Papuan-New Zealand hepialids, the so-called 'oxycanine' Hepialidae (e.g. Grehan 2012 ), these two contributions will form a detailed baseline for studies into Hepialidae morphology in the future. Furthermore, the Australian region is one of the diversity hotspots for Hepialidae, and the 'oxycanine' hepialids in Australia and New Guinea (in particular the genus Oxycanus) are poorly known and should be a priority for future studies. I further hope that the accounts given here can assist such studies in the future. . Exemplars of all Elhamma species: 1-4, E. australasiae; 1-female, 2-4-males (2 is E. inconcluso Holotype); 5, E. diakonoffi male (Holotype); 6, E. roebkei male (Holotype); 7-8, E. grehani males (7 is Holotype, 8 is paratype RMNH INS 910279); 9-10, E. viettei males (9 is Holotype, 10 is paratype RMNH INS 910276); 11-12, E. toxopeusi males (11 is Holotype, 12 is the non-type RMNH INS 910272).
Head (55) (56) (57) (58) (59) . The head capsule is dominated by the very large compound eyes which are higher than the non-ocular head. The eyes lack interommatidial setae, and there is no subgenal process.
Interocular index (Davis 1975) ; vertical eye diameter/distance between the eyes immediately above the antennae: 1.5 Supraocular index (Kristensen & Nielsen 1979) ; height of the head capsule above the compound eye/total height of head capsule: 0.08
The eyes are most widely separated dorsally. The antennal sockets are close to the eye margin in a shallow, well defined emargination. Both dorsal and ventral cranial condyles are present and well-developed. The outer margin of the socket is particularly well reinforced. The serrate antenna is relatively small, less than twice the total width of the head. The scape is unmodified, sub-globular with a slightly extended inner distal corner. The pedicel is almost globular, slightly longer than the first flagellum segment and twice the width. The intercalerary sclerite is a typical elongate hepialoid sclerite. The flagellum is comprised of less than 40 unmodified, laterally flattened, slightly keeled segments tapering towards the tip. The surface of each segment is covered in dense microtrichia. The most numerous types of sensilla are sensilla trichodea, but several sensilla chaetica are also present on the terminal segment. Sensilla auricillica are found near the distal margin of some of the subsequent segments, and the tip of the antenna holds what appears to be a pair of such sensilla, but they appear slightly atypical. No sensilla coelocinica or sensilla stiloconica were observed. The epicranial sulcus is very weakly developed with no internal crest. Two flat sulci run from the anterior end of the epicranial sulcus to the margin of the compound eyes above the base of the antennae, forming a flat inverse "Y". It is possible that the "arms" of the Y are homologous to the postinterocellar sulcus, despite ocelli being absent as in all exoporians (Kristensen 1998) . Below these lines the head capsule is produced into a flat ridge which protrudes over the antennal base. The ridge is flatly triangular with paired latero-dorsal bumps. The front of the head below the antennal sockets to the labrum is densely scaled with piliform scales. There is no frontoclypeal sulcus, but it is conceivable that this entire area comprises the frontoclypeus. The labrum is a well-defined, flat ridge. A minute, central lobe just below the labrum may be a vestige of the proboscis. The labium is well developed as a small, roundish base for the labial palps. The palps are relatively long and two segmented with the terminal segment being ca. 50% longer than the basal segment. Vom Rath's organ is present, but small, less than 20% of the length of the terminal segment. The maxillary palps are not discernible, but the mandibles are recognisable as minute, triangular lobes. Posteriorly, a narrow ellipse of scalecovered, unsclerotised cuticle is present along the hind margin of the compound eyes. Despite being unsclerotised, this ellipse, which is only incomplete most ventrally, likely represent the occipital sulcus. The occipital foramen is large. Dorsally and laterally it is framed by a sclerotised ridge which is produced dorsally into the occipital foramen as a small, pointed ridge. Laterally the ridge is synsclerotised with the occipital condyles, and (just below the occipital condyles) with the base of the corporotentorium. Ventrally (beyond the corporotentorium), it continues around the postlabial wart (sensu Nielsen & Kristensen 1989) . The occipital condyles are prominent with a welldefined sclerotised base. The postlabial wart is large and square. The posteriomedian tentorial process is very small. The anterior tentorial arm is narrow basally, but broadened posteriorly with a long, thin dorsal crest, a small secondary dorsal crest, and a smaller, tooth-like ventral crest. There are no anterior tentorial pits on the frontoclypeus.
Prothorax (19) (20) . The laterocervicale is narrow and arched, apically joined to the occipital condyle by a small, but well-defined, thick membranous ligament. Laterally, it is articulated to the dorsal corner of the episternum via a broad, thick membranous ligament. Ventrally it terminates in a third thick membranous ligament, almost joining it to the dorso-anterior corner of prosternal lamella. The propleural rim and anterior dorsal plate are fully synclerotised and cannot be separated. The combined structure is divided in the dorsal midline, and only broader dorsally than laterally. The scaled patagia are very large and meet dorsally for most of their length. They are separated from the broad, membranous edge of the pronotum by a distinct sulcus which tapers laterally. Pronotum continues posteriorly over mesonotum as a thin membranous ridge. The episternum (propleural wart of Neilsen & Kristensen 1989 ) is relatively well defined and scaled, with the anterior edge ventrally produced into a long, narrow downwards pointed episternal tooth. The basal margin of katepisternum is smooth and strongly sclerotised, whereas the majority of katepisternum is a weakly sclerotised, densely scaled area dorsal to coxa. Prosternum is anteriorly invaginated and forms a medial ridge leading to the furcal bridge. Postero-dorsally prosternum is proceeded into a thick, membranous lamella which continues to the base of the furcal bridge. The bridge in anterior view is broad and smoothly curved. The profurcal arms arise from the inner dorsal corners of the bridge into the body cavity. Centro-ventrally the prospina extends from the bridge. The spina has a long, thick, unsclerotised central articulation: ventrally the articulation carries a weakly sclerotised triangular lamella; dorsally it has two membranous muscle articulations just before the arched, terminal section of the spina.
Pterothorax (21) (22) . As is the case in all winged insects, the meso-and metathorax are greatly modified to accommodate the flight apparatus. Although the two pterothoracic segments are overall similar in their basic plan they also have fundamental differences with several potentially important characters. They will therefore be treated separately. The ratio between the length of the mesothoracic and metathoracic alinota is approximately 3.
Mesothorax 21) . Mesonotum: The anterior metascutal margin has a well-developed, bi-lobed phragma 1. The metascutal longitudinal sulcus is well developed and continued through the length of the phragma; internally with a well developed ridge which is deepest anteriorly and tapers towards the mesoscutellum. The scutum is narrowed anteriorly (in dorsal view). The tegula is membranous, triangular and slightly projected posteriorly over the wing base. Subtegula is well developed, elongate and upside-down hook-shape (the tip of the hook pointing backwards). The prealar arm is well developed and terminates ventrally in a broad, outwards pointing flap. The scutellum is broad and anteriorly rounded in dorsal view and only sclerotised laterally.
FIGURES 13-14. Overview of head and thorax skeletal morphology of E. australasiae (BMNH Micro-33263). 13: dorsal view; 14: lateral view. Abbreviations: Ac, antecoxale; As, anepisternum; As-S, anterolateral scutal sulcus; Awp, anterior notal wing process; Ba, basalare; Bs, basisternum; Ca, chorda axillaris; Cx, coxa; Ec, eucoxa; Em, epimeral margin; Eps, epicranial sulcus; Me, meron; Mp, median notal wing process; Ms-S, mesoscutal sulcus; Pep, preepisternum; Pl, pleural sulcus; Plwp, pleural wing process; Pom, post medial notal wing process; Pr, precoxal sulcus; Pwp, posterior notal wing process; Sa, subalare; Sct, scutum; Sctl, scutellum; Stg, subtegula; Su, sualare; Tf, tergal fissure; Tg, tegula; Tls, apical tooth of lateral scutal sulcus; T1, 1st abdominal tergum; Tp, tergopleural apodeme. Numbers after an abbreviation refer to: 1 = prothorax; 2 = mesothorax; 3 = metathorax.
FIGURES 15-18. Details of head morphology of E. australasiae (BMNH Micro-33263). 15: frontal view, flagellum of right antenna removed except two segments, entire left antenna removed; 16: ventral view, eyes not drawn completely; 17: posterior view; 18: tentorial arm, lateral view. Abbreviations not previously used: Ata; anterior tentorial arm; Ct, corporotentorium; Dc, dorsal cranial condyle; Dt, dorsal tentorial arm; Fc, frontoclypeus; Lfp, sclerotised lateral process of the occipital foramen; Md, mandible, Oc, occipital condyle; Of, occipital foramen; Or, organ of vom Rath; Os, occipital sulcus; P, labial palp; Po, postlabial "wart"; Prb, proboscis vestige; Prl, prelabium, Rf, sclerotised rim of occipital foramen; Tp; tergopleural apodeme Vc, ventral cranial condyle; Vt, ventral tentorial tooth.
Mesopleurosternum:
The pleural sulcus and associated structures and sulci are complex and not easy to interpret. The pleural sulcus is strongly sclerotised ventrally and clearly folded longitudinally, it appears to originate on the reinforced dorsal margin of the meron. The tergopleural apodeme is elongate with a downwards pointing base and a spatulate apex. Basisternum is an elongate, tongue-shape plate with a basal mediolongitudinal sulcus which terminates approximately halfway from the anterior margin. The preepisternum is a well-defined, trapezoid-triangular sclerite with a well-developed preepisternal sulcus along the dorsal margin bordering the anapleural cleft. The anapleural cleft is narrow. The anepisternum is a large sclerite with an reinforced ventral margin, and a vertical sulcus separating the inward bent distal tip from the rest of the sclerite. Dorso-basally the anepisternum is separated from basalare by a weak, horizontal sulcus. The basalare is low and elongate. The precoxal and marginopleural sulci run sub-parallel from the preepisternum/pleural sulcus to the ventral base of the basisternum and enclose a small, elongate and setose sclerite, here interpreted (in agreement with Dugdale 1994) to represent the posterior katepisternum. The antecoxale is elongate and membranous with a weakly sclerotised dorso-posterior corner. The trochantin is an elongate, free sclerite. The paracoxal sulcus is only a narrow line on the outside, but has a large, free internal discrimen. Eucoxa is sclerotised with a sigmoid anterior margin and a basal sulcus at the base of the trochantin. The coxal sulcus separating the eucoxa and the large, sclerotised meron is enforced dorsally.
FIGURES 19-20. Details of prothorax morphology of E. australasiae (BMNH Micro-33263). 19: Prothorax frontal view. 20: Proendosternum, lateral view. Abbreviations not previously used: Adp, anterior dorsal plate; Br, prosternal bridge; Es, episternum; Est; episternal tooth; Ks, Katepisternum; Lc, laterocervicale; Pa, patagium, Pf, profurcal arm; Ps, prosternum; Psp, prospina; Sl, prosternal lamella. (Fig. 22) . The furca stem rises from the anterior inner base of the meron. The basisternal discrimen is short and low, and connects basally to the sclerotised furca-basisternal lamella. The furca stem is more or less vertical. Dorsally the furca-basisternal lamella bears a pair of backwardly curved, primary furcal arms which basally bear a small outer lamella which is clearly visible in posterior view. Dorsally the primary furcal arms continue as a long, thin tendon-like apodeme. The secondary furcal arms are thick and terminate in a long, thick, non-sclerotised articulation to the relativly short, dorsal sclerotised epimeral margin.
Metafurca
Wings (Figs 23, 29, 33, 36, 39, 42, 47, (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) (73) (74) (75) . The following descriptions of the wing venation are based on all species for the males (five specimens of E. australasiae and all available specimens for all other species), and five E. australasiae specimens for the female.
Forewing, male: Overall shape short, broad triangular with apex being almost a right angle; a smoothly rounded distal margin and tornus; a more or less straight posterior margin; and a small jugum. H well developed. H and the base of Sc+R inflated. Sc and R near parallel, but well separated for most of their length. Stems of R and Rs close together before the Rs1-2 fork. Rs1-3 share common stem beyond the cell as in all oxycanine hepialids. Rs1-2 fork longer than the combined Rs1-2-3 stem. Rs4 originating from cell. Cross vein Rs4-M1 slightly curved towards base of the wing by M1. M1-M3 well developed and free. Cross vein M1-M2 longer than cross vein Rs4-M1; cross vein M2-M3 well developed, curved slightly towards the base. M stem continuous with M2 through the cell to the anterior base of the CuA1-1A cross vein. CuA1 and CuA2 well developed; CuA cross vein and with it the basal CuA cell variably developed. CuA1-1A cross vein well developed, but incomplete centrally. CuP weak, passing through the gap in the CuA2-1A cross vein, but terminating well before the wing margin. 1A well developed, basally with a sigmoid curve towards CuP. 2A absent: 3A weak and non-tubular, present only apically.
Notes: Tindale (1935) reported that the stems of the R and Rs veins were partly anatomosed between the cell and the Rs1-2 and Rs3 fork to form a small cell. This character is highly variable and I have seen it in only one of the E. australasiae specimens I examined. It was not present in the specimen used for the illustrations. The curve at the base of vein 1A is here interpreted as being homologous to the anterior branch of the 1A-2A "Y-configuration" found in some females, to which the anal veins are otherwise found to be identical (see below). As a consequence, I interpret the 2A vein to be absent here, and the minute vein close to the jugum is interpreted as a vestige of 3A.
Hindwing, male: Shorter and more rounded than forewing. H well developed. H and the base of Sc+R inflated. Sc and R closely adjacent for almost their entire length. R and Rs sharing a long stem with R branching of the stem just before the Rs1-2 fork. The Rs1-2 fork is almost twice the length of the Rs stem beyond the cell. Rs3 branches of the Rs stem halfway between the cell and the Rs1-2 fork. Rs4 originates from cell. Cross vein Rs4-M1 well developed with a curvature that varies between species. Only two M veins present, here interpreted as M1 and M3. M stem reaches M3 at the branching point for CuA2. M1-M3 cross vein present or absent. M3-CuA1 and CuA1-CuA2 cross veins may be present and forming a distinct CuA-cell from which CuA1 originates. Or these cross veins may be absent and both CuA1 and CuA2 branch off M3. CuA2-1A cross vein absent. CuP very weak and only discernable basally. 1A well developed. 2A and 3A absent.
Notes: Tindale (1935) considered M1 and M2 to be fused, or M1 to be absent. When comparing the forewing and hind wing, the positions of M1 and M3 appear to have shifted only marginally in the latter, whereas there are no traces of M2 and cross vein M2-M3. I therefore interpret the hind wing venation as explained above.
Wing vestiture, male: The scale covering can be either single layer or type-2 bilayer (Simonsen 2001) , although in the latter case, the main differences between the cover scales and ground scales are that the former are more than twice the length of the latter. Both types are narrow and elongate without apical teeth. On the abwing surface, they have very large windows (some obscured by cuticle), cross-ribs, and both primary and secondary longitudinal ridges. On the adwing surface both types have longitudinal ridges, cross-ribs and numerous well-developed windows.
Notes: Simonsen (2002) considered single-layer scale covering to be the widespread type of scale covering in Hepialidae, whereas type-2 bilayer was suggested as a potential synapomorphy for the two South American genera Dalaca and Callipielus. As will be shown elsewhere in a study focused on the higher-level classification of Hepialoidea (TJ Simonsen and NP Kristensen in prep), many of the Hepialidae genera not examined by Simonsen (2002) actually have a type-2 bilayer scale covering, and this type of scale covering is not necessarily phylogenetically informative within Hepialidae.
Forewing, female: Overall shape longer and narrower than in the male, with less obvious tornus. H well developed. H and the base of Sc+R inflated. Sc and R near parallel, but well separated for most of their length. Stems of R and Rs close together before the Rs1-2 fork. In the illustrated specimen, the two veins are anatomosed shortly just beyond the Rs3-Rs1-2 fork forming a long, but narrow cell. Rs1-3 share a common stem as in all oxycanine hepialids. Rs1-2 fork not as long as the combined Rs1-2-3 stem. Rs4 originating from cell. Cross vein Rs4-M1 slightly curved towards base of the wing by M1. M1-M3 well developed and free. Cross vein M1-M2 longer than Rs4-M1; cross vein M2-M3 well developed. M stem continuous with M2 through the cell to the minute M3-CuA2 cross vein. CuA1 and CuA2 well developed, and CuA cross vein well developed. Both cross veins M3-CuA1 and CuA1-CuA2 oriented towards the merging of the wing, and CuA1 consequently short. CuA2-1A cross vein well developed. CuP weak, passing through the CuA2-1A cross vein, but terminating soon after. 1A well developed, basally with a sigmoid curve towards CuP. 2A may be present basally before anastomosing with 1A to form a "Y-configuration": 3A weak and non-tubular, present only apically.
Notes: Tindale (1935) only reported that the stems of the R and Rs formed a small cell in males, but I observed this condition in some females as well, including the specimen illustrated. The 1A-2A "Y-configuration" is not always present, but when it is, it illustrates that the small vein found adjacent to the jugum cannot be 2A and thus must be 3A.
Hindwing, female: Shorter and more rounded than forewing. H well developed. H and the base of Sc+R inflated. Sc and R closely adjacent for almost their entire length. R and Rs sharing a long stem with R branching off the stem halfway between the branching of Rs3 and the Rs1-2 fork. The Rs1-2 fork is shorter than the length of the Rs stem beyond the cell. Rs3 branches off the Rs stem halfway between the cell and the Rs1-2 fork. Rs4 originates from cell. Cross vein Rs4-M1 slightly curved towards base of the wing by Rs4. Only two M veins present, here interpreted as M1 and M3. But the original M2-M3 cross vein appears to be present. M stem reaches M3 at the minute M3-CuA2 cross vein. CuA1 and CuA2 well developed, and the M3-CuA1-2 branching patterns and cross veins are similar to the forewing. No CuA2-1A cross vein present. CuP is weak, but long and reaches the margin of the wing. 1A and 2A are both well developed; in some specimens (including the one illustrated) they anastomose briefly before the wing margin. 3A is very small, but present.
FIGURES 21-22. Details of meso-and metathorax morphology of E. austrlasiae (BMNH Micro-33263). 21: mesothorax, anterior view; 22: metafurca, lateral view. . Abbreviations not previously used: Ar, prealar arm; Cs, coxal sulcus; Dast, dorsal tooth of anepisternum; Fs, furcal stem; Mb-S, mesolongitudinal basisternal sulcus; Pfa, primary furcal arms; Ph1, first phragma; Pcs, paracoxal sulcus; Pks2, posterior section of katepisternum; Sfa, secondary furcal arms; Tn, trochantin; Vast, ventral tooth of anepisternum.
Notes: Tindale (1935) considered the hind wing venation of the female to be identical to Oxycanus except for the absence of 2A (the vein here interpreted to be the minute 3A). One can only assume that the presence of two well-developed Anal veins along with a fully (albeit weakly) developed CuP convinced Tindale that the most anterior of these was CuA2. This would lead to CuA2 being interpreted as CuA1, and CuA1 as M3. However, when the venation, and especially the cross veins are compared to the forewing as well as to other hepialids, it is clear that there are indeed only two M veins present also in the female. As in the male, I interpret M2 to be either absent or fully fused with M1. But intriguingly, an M2-M3 cross vein still appears to be present running from the M-stem to M3.
Legs . Foreleg: Tibia with flap-like, flat epiphysis, free only most distally. Epiphysis totally 0.3 the length of tibia and arises approximately one third from the base. Basal tarsus segment 2.5x as long as the second, which is twice as long as either of the two following segments, but the same length as the terminal segment.
Mid leg: Basal tarsus segment 2.5x as long as the second, which is twice as long as either of the two following segments, but the same length as the terminal segment.
Hind leg: Basal tarsus segment 2.5x as long as the second, which is twice as long as either of the two following segments, but the same length as the terminal segment.
The arolium is rectangular U-shape and well-sclerotised in all species except E. toxopeusi where it is comprised of a narrow, membranous flap. The pulvilli are reduced to small, microtrichiated lobes at the base of the tarsal claws in all species. Diagnosis. Among Hepialidae Elhamma species are readily recognised by the unique hind-wing venation where only two M-veins are present. Males are furthermore recognised by the deeply cup-shaped juxta which at least in part appears to accommodate the prominent posterior projection of S8.
Elhamma australasiae (Walker, 1856) (Figs 1-4 Notes to distribution: Tindale (1935) listed a single Western Australian female labelled "K.S.G" and two associated, unlabelled males in the Australian Museum, Sydney. He noted they were slightly different in appearance (paler and more ochreous) than eastern specimens, but suggested that this may be due to their "state of preservation" (Tindale 1935, p. 278 ). I have not been able to locate these specimens, and have not seen any other specimens from Western Australia; hence I have not included these records in the distribution data. Furthermore, some specimens in MNHN were simply labelled "Verraux, Tasmania". These specimens were likely collected by the botanist and ornithologist Jules P. Verraux who collected in Australia for the MNHM in the 1840s (e.g. https:// www.anbg.gov.au/biography/verreauz-jules.html). Since I have seen no other specimens from Tasmania, I consider the locality records dubious and have not included them in the distribution data.
Flight period: Specimens have been collected from early January to early May (2/1-5/5) with most records being from February and March.
Diagnosis. Small to medium size. Both sexes can readily be recognized by the small, but sharp, tuft of piliform scales protruding horizontally over the eye from the ventral base of the scape. Males can be recognised by the following combination of characters: hind wings uniformly golden-beige, at most with greyish dusting centrally. Females can also be recognized by the long, narrow wings; the uniform golden-beige ground colour of both wing pars; and the numerous, small, darker spots each comprised by few scales, studded across the forewing.
Redescription male. Small (FW: 12.7-20.8mm). Forewing posteriorly dark greyish-brown; anteriorly goldenbrown. HW with CuA1 and CuA2 originating on M3 and the M-stem respectively, with no M3-CuA1 or CuA1-CuA2 cross veins present. Wings otherwise as in diagnosis. Wing vestiture type-2 bilayer, both ground and cover scales elongate without a dentate apical margin; both scale types with primary and secondary ridges and large windows on abwing surfaces; adwing surfaces of both types with well-developed primary ridges, windows and cross-ridges. Head with golden-brown, short, semi-rough vestiture dorsally, and protruding, rough vestiture frontally; antennae with scape scaled, otherwise naked. Pro-and mesothorax golden-brown; metathorax paler golden-yellow; legs all with normal, dense grey-brown and golden-brown vestiture; legs with tarsal claws short and stout with a clear basal point; arolium melanised and U-shape. Abdomen basally and ventrally golden yellow; darker greyish-brown disto-dorsally. S3-6 without dark spots; posterior edge of S3-6 smooth.
Genitalia. Sternum 8 (Figs 27-28) short with rounded lateral and anterior sides, and a sharply inwardly bent, sclerotised, posterior ridge with a broad pointed central projection. Tergal lobe clearly bilobed and setose. Pseudoteguminal lobes high and broad with a pointed latero-basal corner; pseudoteguminal arms strongly sclerotised, originating low on the lobes, both dorsal and ventral arms present; dorsal arms long and slender, recurved towards the tergal lobe; ventral arms long, basally slender and sharply bent towards trulleum, arms below trulleum broader, terminating in a strongly melanised tip just above juxta. Intermediate plate small and narrow, synclerotised with dorso-basal corner of the pseudoteguminal lobe. Valva long and narrow, sacculus long and setose basally; a very large, curved tooth present disto-ventrally on sacculus; valva proper narrow, club-shape and setose. Trulleum bilobed, attached basally to the base of juxta by a narrow, membranous connection; attached high on the ventral pseudoteguminal arms by a very narrow membranous connection. Juxta deeply cup-shaped with an anterior ridge and a centro-ventral lamella. Phallus approximately twice as long as height of genitalia. Vinculum and saccus broadly U-shaped with a dorsal cross-ridge and a U-shaped sulcus separating vinculum proper and the apodemal vinculum (sensu Nielsen & Kristensen 1989 Redescription female. Medium size (FW: 18.9-38.8mm). Wings as in diagnosis. Head with golden-yellow, short, semi-rough vestiture dorsally, and upturned, short vestiture frontally; antennae with scape and pedicel scaled, otherwise naked; pedicel with ventral point; frontoclypeus scaled; labial palpus short, either two-segmented or terminal segment very short; with ventral scale tuft from palpus base; eyes almost at high as head, but far from meeting. Pro-and mesothorax golden-yellow; metathorax paler beige-yellow; legs all with normal, dense goldenyellow vestiture; hind legs without tibial pecten. Abdomen basally and ventrally golden yellow; darker greyishbrown disto-dorsally.
Genitalia: Dorsal plate large and bi-lobed with a small central incision dorsal to the anus. Subanal plates very large and taking up almost the entire area between the dorsal plate and the ostium with the sclerotisation surrounding the anus: subanal plates divided centrally by a narrow, vertical groove running from the anus to the ostium; horizontal, transverse grooves present on both plates lateral to the vertical groove. Antevaginal lamella trilobed, with the individual lobes widely separate: ventral lobe small, narrow and pointed with a setose tip; lateral lobes positioned just below the lateral corner of the dorsal plate, each lobe narrow, triangular and setose. Ductus bursae long, membranous and unmodified; corpus bursa an ellipsoid broadening of the terminal section of the bursa, similar in structure to the ductus. Spermatheca typically hepialoid (see Kristensen 1978) , with a few concentric rings around the terminal end.
Biology. Nothing is known about the biology of this species, but Common (1990, p. 149) states that "adults fly in grassy areas, and the larvae probably feed on grass".
Elhamma diakonoffi (Viette, 1952 Distribution (Fig. 77) . Known only from the type locality. The locality is in the Baliem Valley in the central highlands at 138°46'E and 3°58'S (de Vos 2013).
Diagonosis: A medium sized, pale species that is most similar to E. roepkei. It can be recognized from the former by a smaller sized, paler ground colour and uniformly pale, yellow-beige hind wings with no pattern near the apex.
Redescription male. Medium sized (FW: 19.4 mm). Head with semi rough, golden-orange vestiture dorsally and pronounced, rough coffee-brown vestiture on frontoclypeus; with golden-orange antenna scale tufts, and a broad circle of coffee-brown scales around the base of the antenna; scape scaled, antennae otherwise naked; length more than half the width of the thorax, not serrate, each flagellomere keel-shaped; eyes as in genus; labial palpus large; maxillary palpus just discernible. FW with a golden beige ground colour and a mottled dark-brown scale pattern; FW with "inflated" area on forewing basis caudal to the Sc stem. HW uniformly pale beige-yellow. Wing venation: Generally similar to E. australasiae, but HW with M1-M3, M3-CuA1 and CuA1-CuA2 cross veins present. Wing vestiture single layer; wing scales droplet shaped with a slightly pointed apical margin; abwing surface with stout primary ridges, windows and cross-ribs; adwing surface with primary ridges, smaller and less numerous windows and cross-ribs. Pro-and mesothorax uniformly golden-orange; metathorax yellow-beige; legs normally developed, hind legs without tibial scale tuft; claws short and thick with pronounced basal corner; arolium short U-shape. Abdomen uniformly yellow-beige without large, anterior ventro-lateral paired dark spots.
Genitalia: Sternum 8 (Fig. 35 ) slightly higher than broad with rounded lateral and anterior sides, posterior margin strongly sclerotised with a broad central projection and a strong (presumably inwards pointed) hook. Tergal lobe clearly bilobed and setose. Pseudoteguminal lobes and rounded, relatively narrow; pseudoteguminal arms strongly sclerotised, both dorsal and ventral arms present; dorsal arms long and broad at base, tip pointed inwards; ventral arms long and slender with a well-defined outer margin, arms synclerotised ventrally terminating in two small, sclerotised tips. Valva long, slightly upwards curved, relatively broad; sacculus short; a short, sclerotised, outwards curved tooth present disto-dorsally on sacculus. Juxta deeply cup-shape.
Vinculum and saccus broad U-shape with a dorsal 'flat-M' shape cross-ridge and a U-shaped sulcus separating vinculum proper and the apodemal vinculum (sensu Nielsen & Kristensen 1989 Diagnosis. Similar to E. diakonoffi, but larger, darker and an indistinct pattern of darker spots along the HW Rs veins.
Redescription male. Medium size (FW: 26.6 mm); Head with a rough vestiture of golden-orange scales dorsally and pronounced, rough grey-brown vestiture on frontoclypeus; with dark-golden antenna scale tufts, and a broad circle of coffee-brown scales around the base of the antenna; scape scaled, antennae otherwise naked; more than half the width of the thorax, not serrate, each flagellomere keel-shape; eyes as in genus; labial palpus large; maxillary palpus just discernible. FW cinnamon beige ground colour with a mottled pattern of dark coffee-brown scales, and a series of well-defined dark spots along the costal margin. Wing venation: Generally similar to E. australasiae, but HW with M1-M3, M3-CuA1 and CuA1-CuA2 cross veins present. Wing vestiture similar to E. diakonoffi. Pro-and mesothorax golden-orange dorsally; prothorax coffee-brown ventrally; mesothorax goldenorange ventrally; metathorax yellow-beige; legs normally developed, hind legs without tibial scale tuft; claws short and thick with pronounced basal corner; pulvilli short U-shape. Abdomen uniformly yellow-beige without large, anterior ventro-lateral paired dark spots. Postrior edge of S3-6 smooth.
Genitalia: Sternum 8 (Fig. 38 ) slightly higher than broad, with strongly sclerotised posterior margin; overall similar to E. diakonoffi, but central projection broader and flatter; central hook apparently missing, but preparation appears damaged, so the structure may well be present. Tergal lobe clearly bilobed and setose. Pseudoteguminal lobes very broad, not as high as in E. diakonoffi; pseudoteguminal arms strongly sclerotised, both dorsal and ventral arms present; dorsal arms very long and broad at base, curved strongly outwards (likely recurved towards the tergal lobe in non-mounted specimens); ventral arms overall similar to E. diakonoffi, long and slender with a well-defined outer margin, arms synclerotised ventrally terminating in two small, sclerotised tips. Valva long, relatively broad; sacculus short; a strong, sclerotised, outwards-downwards curved tooth present disto-dorsally on sacculus. Juxta deeply cup-shaped. Vinculum and saccus broad U-shape with a dorsal V-shaped cross-ridge and a U-shaped sulcus separating vinculum proper from the apodemal vinculum (sensu Nielsen & Kristensen 1989) .
Female: Unknown. Diagnosis. A rather variable species, but males can be recognised by the uniform olive brown-green FW (holotype and second paratype) sometimes with (first paratype) a broad pale-beige band running centrally from the base to the termen, in either case with a distinct, large blackish-brown dark spot basally in the cubital cell..
Description. Medium size (FW: HT 21.6mm; PT 19.5-20.8mm), the smallest known New Guinean Elhamma. Head with dark beige-brown, short, semi-rough vestiture dorsally, and protruding, rough grey-brown vestiture frontally (the aberrant paratype has yellow-beige vestiture on head and thorax); with dark-golden antennal scale tufts, and a broad circle of coffee-brown scales around the base of the antenna; scape scaled, antenna otherwise naked, length more than half the width of the thorax and slightly serrate, each flagellomere keel-shape; labial palpus short and pointed; eyes as described for genus; palps short with dark golden vestiture. Wing venation: Generally similar to E. australasiae, but HW with M3-CuA1 and CuA1-CuA2 cross veins present, and M1-M3 cross vein present in one specimen (not illustrated). Wing vestiure type-2 bi-layered; both scale types with parallel sides and rounded apical margin, but cover scales twice the size of ground scales; both types with stout primary ridges, large windows and cross-ribs on abwing surface, but windows on cover scales larger than on ground scales; adwing surface with primary ridges, windows and cross-ribs. Dorsal thorax and head either olive brown-green or pale-beige depending on wing pattern (essentially same colour as FW base). Basal antenna scale tufts dark. Ventral thorax and legs pale yellow-beige, but prothorax anteriorly dark grey. Legs normal; tarsal hooks short and stout with a clear basal point; arolium melanised and U-shape. Ventral abdomen and T2-6 pale yellow beige without dark spots; T7-8 dark-grey. Posterior edge of S3-6 smooth.
Genitalia: Sternum 8 (Fig. 41 ) small and rounded with a broadly protruded anterior margin; posterior margin with a strongly sclerotised trapezoid central projection, margin less sclerotised laterally; central hook present and similar to E. diakonoffi. Tergal lobe clearly bilobed and setose. Pseudoteguminal lobes broad and rounded, not very high; pseudoteguminal arms strongly sclerotised, both dorsal and ventral arms present; dorsal arms long and slender with a blunt tip, curved outwards (slightly recurved towards the tergal lobe in non-mounted specimens); ventral arms overall similar to E. diakonoffi, long and slender, but without with a well-defined outer margin, arms synclerotised ventrally terminating in two small, sclerotised tips. Intermediate plate small and narrow, synclerotised with dorso-basal corner of the pseudoteguminal lobe. Valva broad and rounded rectangular; sacculus short; a strong, sclerotised, inwards-downwards curved tooth present disto-dorsally on sacculus. Trulleum marginally bilobed at base, attached basally to the base of juxta by a very narrow, membranous connection; attached high on the ventral pseudoteguminal arms by a narrow membranous connection. Juxta deeply cup-shaped with a basal ridge. Phallus very long, approximately 4x the height of the genitalia (note: the phallus of the HT is damaged and appears shorter). Vinculum and saccus broad squarish U-shape with a dorsal flat cross-ridge and a Ushaped sulcus separating vinculum proper and the apodemal vinculum (sensu Nielsen & Kristensen 1989) .
Female: Unknown.
Remarks. Females are unknown, and nothing is known about the biology of the species. But an additional label on the Holotype and the paratype with the same collecting data reads: "cultivated area/disturbed montane forest UNCEN-ZMA Expedition Papua Indonesia 2005". Elhamma viettei, sp. n. (42) (43) (44) (45) (46) 77) Type data: Holotype Male, Naturalis. Type locality: Walmak, Kecamatan Nipsan, Papua, Indonesia
Etymology. The species is named in honour of the late French Hepialidae expert Pierre Viette (1921 Viette ( -2011 Nieuw Guinea, 1300m, Ned. Exp. 1959 , 30-VI-1959 .
Distribution (Fig. 77) : The species is apparently widespread as the three specimens are from three different and quite distant localities. The holotype from Walmak in the Jayawijaya Mountains (139°38'E 4°41'S) and one paratype from the Star Mountains (Bivak 39, 140°46'E 4°51'S) are both from the central highlands. Whereas the last paratype is from the island of Biak (135°49'E 0°41'S) to the north east of the New Guinea mainland (exact localities from de Vos 2013). Diagnosis. Most similar to E. diakonoffi and E. roepkei, but can be distinguished from both species by the much darker overall habitus including dark brown forewings, dorsal thorax, head, antennae and almost black basal antenna scale tufts.
Description. Medium size (FW: HT 23.9mm; . Head with dark golden-brown, short, semirough vestiture dorsally, and protruding, rough blackish-brown vestiture frontally; antennae short, with scape scaled, otherwise naked, length more than half the width of the thorax, not serrate, each flagellomere keel-shaped; labial palpus short and pointed; with blackish-brown antennal scale tufts, and a broad circle of blackish-brown scales around the base of the antenna; eyes as described for genus; palps short with dark golden-brown vestiture. Wing pattern as in species diagnosis; wing vestiure type-2 bi-layered; both scale types droplet shaped with a rounded apical margin, but cover scales twice the size as ground scales; both types with stout primary ridges, large windows and cross-ribs on abwing surface; secondary ridges on cover scales only; adwing surface with primary ridges, windows and cross-ribs, but windows more numerous on cover scales. FW overall dark olive brown with a mottled pattern of paler dark-beige scales; costal region and remaining margins with a row of dark spots (along latter margins restricted to the 'cilia'); cubital cells basally with a large, diffuse dark spot of blackish-brown scales. HW uniform pale yellow-beige; margin darker, with 'cilia' at the veins being black. Wing venetion generally similar to E. australasiae, but HW with M3-CuA1 and CuA1-CuA2 cross veins present. Thorax ventrally with a mixture of dark brown and yellow beige scales; legs yellow-golden; tarsal hooks short and stout with a clear basal point; arolium melanised and U-shaped. Abdomen generally yellow beige except of T6-8 which are dark grey. S3-6 without dark spots; postrior edge of S3-6 smooth.
Genitalia: Sternum 8 (Figs 45-46 ) larger than in E. grehani, lateral and anterior margins U-shape, posterior margin with a strongly sclerotised trapezoid central projection, margin more sclerotised laterally than in E. grehani; central hook present and similar to E. grehani. Tergal lobe clearly bilobed and setose. Pseudoteguminal lobes broad and rounded, not very high, similar to E. grehani; pseudoteguminal arms strongly sclerotised, both dorsal and ventral arms present; dorsal arms short and broad with a pointed tip, curved outwards (pointed straight up in unmounted specimens); ventral arms overall similar to E. grehani, long and slender, with a well-defined outer margin, arms synclerotised ventrally terminating in two small, sclerotised tips. Intermediate plate small and narrow, synclerotised with dorso-basal corner of the pseudoteguminal lobe. Valva slightly upwards curved, relatively broad; sacculus short; a strong, sclerotised, inwards-downwards curved tooth present disto-dorsally on sacculus.
Trulleum overall similar to E. grehani: bilobed at base, attached basally to the base of juxta by a narrow, membranous connection; attached high on the ventral pseudoteguminal arms by a narrow membranous connection. Juxta similar to E. grehani; deeply cup shaped with a basal ridge. Phallus very long, approximately 6x height of the genitalia. Vinculum and saccus broad U-shape with a flat dorsal cross-ridge and a U-shaped sulcus separating vinculum proper and the apodemal vinculum (sensu Nielsen & Kristensen 1989 Distribution (Fig. 77) . Known only from the type locality. The locality is in the Baliem Valley in the central highlands at 138°40'E and 4°20'S (de Vos 2013).
Diagnosis. A medium sized, robust and very dark species that can easily be recognized from other Elhamma by the dark, coffee-brown ground colour of the forewing and the uniformly dark, coffee-brown hind wing.
Redescription male. Medium sized (FW: 23.3-25.2 mm). Head with golden-brown, short, semi-rough vestiture dorsally, and protruding, rough golden-brown vestiture frontally; antennae with scape scaled, otherwise naked, length more than half the width of the thorax, not serrate, each flagellomere keel-shaped; labial palpus short and pointed; with dark beige-brown antennal scale tufts, and a broad circle of coffee-brown scales around the base of the antenna; eyes as described for genus; palps short with dark golden vestiture. FW with a mottled pattern of dark-beige scales. Eing venetation generally as in genus, but FW with CuA2 curved towards CuA1 at base, and HW with M3-CuA1 and CuA1-CuA2 cross veins present. Wing vestiture type-2 bilayer, both cover and ground scales broad spindle shaped to droplet shaped, but cover scales much broader and twice the length of ground scales; both types with primary and secondary ridges, small windows and cross-ribs on abwing surface; abwing surface with primary ridges, small pores and cross ribs; abwing ridges on cover scales apparently of composite nature.
Thorax overall dark brown (types) to dark golden-orange; legs normal; hind leg without tibial tuft; tarsal claws long and slender, without prominent basal corner; arolium strongly reduced. Abdomen unmodified, dark coffeebrown dorsally, golden brown ventrally. S3-6 with large, anterior ventro-lateral paired dark spots, most prominent on S3 (fenestrae?); S3-6 with small point centrally on posterior ridge. Genitalia: Sternum 8 (Figs. 50-51 ) U-shaped with a straight, strongly sclerotised posterior margin, sclerotisation strongest and broadest at corners; posterior margin centrally with a broad, flap-like internal projection. Tergal lobe setose, with two latero-dorsal corners, but not distinctly bilobed. Pseudoteguminal lobes high and relatively narrow, in lateral view with a broad, rectangular, central projection; dorsal arms absent; ventral arms relatively short and stout, with a well-defined outer margin, arms synclerotised ventrally terminating in two prominent, sclerotised tips. Intermediate plate small and very narrow, separated from the pseudoteguminal lobe by a membranous band. Valva long, slightly upwards curved, relatively broad; sacculus short with small, sclerotised bump, but no well-developed tooth. Trulleum marginally bilobed at base, attached basally to the base of juxta by a membranous connection; marginally bilobed posteriorly, attached high on the ventral pseudoteguminal arms by a narrow membranous connection. Juxta deeply cup-shaped with a basal ridge. Phallus less than 2x the height of genitalia. Vinculum and saccus broad U-shaped with a flat dorsal cross-ridge and a U-shaped to V-shaped sulcus separating vinculum proper and the apodemal vinculum (sensu Nielsen & Kristensen 1989 with a more developed longitudinal sulcus than reported in Fraus (Kristensen & Nielsen 1989) . The anapleural cleft is narrowed as reported by Dugdale (1994) for all New Zealand genera except Aenetus. Unlike the condition in Fraus (Nielsen & Kristensen (1989) , the mesolongitudinal basisternal sulcus does not continue to the edge of meso-basisternum, but stops abruptly at approximately the centre of the basisternum. The metascutum is very short dorsally which resembles the condition reported in New Zealand genera with 'oxycanine' wing venation (Dugdale (1994) . The median lamella of the acrotergite is much more developed than in Fraus (Kristensen & Nielsen 1989) , and resembles the transphragma in higher Lepidoptera (Kristensen 2003) .
Thoraco-abdominal junction: The tergosternal bar is elongate and evenly broad. The structure thus resembles the condition in Aenetus more than the condition in other New Zealand hepialids (Dugdale 1994) . As reported by Grehan (2010) , Elhamma possesses neither an anterior broken margin nor a posterior 'knob' on the tergal brace.
Theaxieus and Zauxieus as synonyms of Elhamma. Nielsen's (1996) treatment of Theaxieus and Zauxieus as subjective junior synonyms of Elhamma had not been previously tested. The unique hind wing venation where only two M-veins are present, and the specialised three-dimensional, cup-shaped juxta (which to my knowledge is not found elsewhere in Hepialidae) allows for easy and unequivocal identification of the genus as here defined, and provide full justification for Nielsen's proposed synonymy.
